Introduction {#s1}
============

> *For it is true that bones and flesh are not enough to constitute a face, (...) and that is why it is infinitely less physical than the body: it is characterized by the look in the eyes, the expression of the mouth, the wrinkles, by all that conjunction of subtle attributes whereby the souls reveals itself by way of the flesh*
>
> Ernesto Sábato, On Heroes and Tombs. (1961/1981)

Evolutionary theory suggests that natural selection favors the evolution of cognitive abilities which allow humans to use facial and other somatic cues to assess traits of other people, such as sex, age, health, or aggressiveness [@pone.0011027-Folstad1]--[@pone.0011027-Zebrowitz1]. Research suggests that how we judge traits in females and males come from cues associated with reproductive success in ancestral environments [@pone.0011027-Jones1], [@pone.0011027-Weeden1], [@pone.0011027-Smith1]--[@pone.0011027-Hill1]. The ability to judge traits has been studied extensively among non-human animals [@pone.0011027-Andersson1]--[@pone.0011027-Endler2], but fewer studies have been done among humans, and mostly in affluent industrial societies [@pone.0011027-Weeden1].

To enhance fitness, humans have developed the ability to judge traits in others. As a result selection pressures lead individuals to display these preferred traits. The ability enhances not only biological outcomes, but also social and psychological outcomes. For instance, humans have developed the ability to use facial and somatic cues to assess the ability of others to offer physical protection, access to resources, care for the offspring, and generosity [@pone.0011027-Buss1]--[@pone.0011027-Masur1].

Judgments based on physical traits can have long-run effects on the person being judged. For example, compared with people judged as being of average or below-average looks, people judged as beautiful or attractive tend to have higher income and to be more self-confident, receive more attention, and are perceived as being kinder, healthier, or smarter [@pone.0011027-Anderson1]--[@pone.0011027-Langlois1]. The face is a key source of communication and scrutiny because it reveals a wide range of information about the person [@pone.0011027-Bruce1]--[@pone.0011027-Little1].

Researchers have demonstrated that raters can judge a person\'s character by looking at the person\'s face [@pone.0011027-Carr1]--[@pone.0011027-Zebrowitz2]. Studies of rater\'s ability to judge traits from facial features suggest that people can accurately judge reproductive health [@pone.0011027-Smith1], genetic quality--defined as MHC-heterozygosity [@pone.0011027-Lie1], [@pone.0011027-Roberts1], sexual orientation [@pone.0011027-Rule1], [@pone.0011027-Rule2], aggressiveness [@pone.0011027-Carre1], [@pone.0011027-Carre2], physical strength [@pone.0011027-Sell1], [@pone.0011027-Fink1], physical fitness[@pone.0011027-Honekopp1], intelligence [@pone.0011027-Zebrowitz3], and successful leadership [@pone.0011027-Rule3]. The ability to interpret facial cues probably reflects past selective pressures to accurately assess other individuals even when one was unable to see the other person\'s body, as might have happened when clothing or vegetation camouflaged the body [@pone.0011027-Sell1].

This promising line of research leaves unanswered whether results are valid across cultures. With a few exceptions [@pone.0011027-Jones2], [@pone.0011027-Sell1] most of the research known to us come from industrial societies. Studying the ability to judge traits in low-income non-western rural societies matters for two reasons. First, one expects stronger links between people\'s characteristics and their facial traits are stronger in a poor rural economy. Less healthy environments are more likely to leave an imprint on the body than healthier environments, influencing mate choice [@pone.0011027-Little2], [@pone.0011027-DeBruine1]. For instance, low-income rural societies are more commonly affected by contagious diseases, high parasite loads, unpredictable food supply [@pone.0011027-Gangestad1], [@pone.0011027-Grammer3], [@pone.0011027-Gurven1], and limited resources [@pone.0011027-Buss1], [@pone.0011027-Durham1]. Second, if the ability to assess traits is an evolutionary adaptation and does not depend solely on cultural constructs, individuals from low-income non-western rural societies should also be able to accurately assess traits.

Our research aims to explore individuals\' ability to assess traits, just by looking at another person\'s face. Specifically, we examined the ability to assess health, social status (dominance and knowledge), and sociability from the facial photographs of men. We used data from a society of forager-farmers in the Bolivian Amazon, the Tsimane\' (pronounced cheeMAU- Nay).

Hypotheses and rationale {#s1a}
------------------------

Humans should be able to use facial cues to make accurate inferences about another person\'s health, social status, and sociability because these traits are associated with reproductive success. We equate social status with dominance and knowledge.

[Health:]{.ul} An individual\'s mate choice is partly determined by the desire for a healthy partner, and it requires identifying facial qualities that signal pathogen resistance and general good health [@pone.0011027-Grammer1], [@pone.0011027-Hill1], [@pone.0011027-Reis1], [@pone.0011027-Jones2], [@pone.0011027-Rhodes1], [@pone.0011027-Roberts1]. The immunocompetence-handicap hypothesis states that the immunological system is strained by testosterone, so that producing and maintaining testosterone-dependent ornaments are signs of heritable good health in males [@pone.0011027-Folstad1], [@pone.0011027-Grammer2]. For example, muscle mass, which is generally promoted by testosterone, in energetically expensive to maintain. We expect the nutritional requirements to be higher in more muscular individuals, which make them somewhat less resistant to famines and unpredictable food supply. Sexual dimorphic traits including musculature and enlarged jaws or chins in the case of males, determine mating preferences of females [@pone.0011027-Weeden1], [@pone.0011027-Grammer1], [@pone.0011027-Rhodes1]. As we are using only photographs of male faces, our first hypothesis (H~1~) is that female raters should be more accurate than male raters in judging a man\'s health from a photograph of his face.

[Social status]{.ul}: Both female and male raters should be accurate in their assessment of social status from male faces. Social status matters in mate choice because it is associated with access to resources [@pone.0011027-ReyesGarca1], [@pone.0011027-Buss2], and is also associated with intra-sexual competition, by signaling the capacity to inflict costs on a rival [@pone.0011027-Sell1]. Among humans, social status tends to come from dominance and "excelling in valued domains" [@pone.0011027-Henrich1]. To operationalize social status we focus on dominance, as the potential use of force and aggression, and on knowledge, as a valued domain that may increase the likelihood of survival.

\(i\) Dominance: From an evolutionary perspective, dominance results from the use of aggression and potential use of force against sexual rivals [@pone.0011027-Buss1]. This type of intra-sexual competition is more salient in males than in females [@pone.0011027-Jones1], [@pone.0011027-Sundie1], [@pone.0011027-Taylor1], [@pone.0011027-Fink1]. Male faces have several secondary sexual traits that signal dominance [@pone.0011027-Swaddle1], [@pone.0011027-Carr1], [@pone.0011027-Grammer2] and these traits might increase when males face competition [@pone.0011027-Pound1], [@pone.0011027-Taylor2]. Accurately assessing other\'s ability to inflict costs (i.e. physical size and muscularity) can be an advantageous way to face competition by discerning whether to avoid or to engage in conflict [@pone.0011027-Sundie1], [@pone.0011027-Sell1], [@pone.0011027-VonRueden1]. Females are also likely to suffer from sexual aggression, such as forced sexual intercourse [@pone.0011027-Jones1], [@pone.0011027-Buss1]. Females might have developed the ability to detect physical strength and body size in males; this ability may allow females to shield themselves from potential aggressors and also to select larger mates who can better protect them [@pone.0011027-Sell1], or provide access to resources (e.g. hunting ability) [@pone.0011027-Gurven2]. Our second hypothesis (H~2~) is that both female and male raters should have the ability of judging a man\'s dominance from his face.

\(ii\) Knowledge: An important component of biological fitness in mate choice is the selection of an intelligent mate [@pone.0011027-Miller1]. Recent research suggests that differences in intelligence might be a consequence of differences in developmental stability, which is reflected through facial symmetry [@pone.0011027-Zebrowitz3]. In industrial societies, general knowledge, schooling, and academic and language skills are associated with better economic outcomes, prestige, and own children\'s attainments [@pone.0011027-Wolfe1]--[@pone.0011027-Weber1], and the same may be true in small-scale non-western rural societies. For example, previous studies among these societies have found that "modern" human capital (e.g. proficiency in national language, schooling, math skills) improves individual\'s income [@pone.0011027-Godoy1], and that local knowledge of the environment is related to social status [@pone.0011027-VonRueden1], and may increase the likelihood of survival [@pone.0011027-McDade1], [@pone.0011027-ReyesGarca2]. If mate\'s intelligence matters in sexual selection and establishing a relationship with prestigious individuals can confer advantages, our third hypothesis (H~3~) is that female raters should be better at judging a man\'s knowledgeability from his face.

[Sociability]{.ul}: Being able to recognize how sociable a person is should influence mate choice, as it enhances life chances by securing access to resources. Cooperation and alliances have been crucial in human evolution [@pone.0011027-Sundie1], [@pone.0011027-Taylor2], [@pone.0011027-Sober1], and low-income rural societies typically organize in cooperative ways and share resources [@pone.0011027-VonRueden1], [@pone.0011027-Gil1]. There is growing evidence that sociable individuals have priority access to scarce resources [@pone.0011027-Sundie1], [@pone.0011027-Taylor2], [@pone.0011027-Brabec1]. On the other hand, assessing how sociable a man is might also be important for other men. Occasionally humans are likely to turn to allies to gain control over resources, inflicting costs on rivals by forming "aggressive, male bonded coalitions where members support each other in a mutual quest to aggress against each other" [@pone.0011027-Buss1], [@pone.0011027-Sell1]. Our fourth hypothesis (H~4~) is that there should be no difference between female and male raters in their ability to judge a man\'s sociability from his face.

Materials and Methods {#s2}
=====================

Tsimane\' Amazonian Panel Study (2002--2006) {#s2a}
--------------------------------------------

Tsimane\' are a native Amazonian society of forager-farmers who live mostly in the department of Beni, Bolivia [@pone.0011027-Leonard1]. They number about 8,000 individuals, living in about 100 small villages. Data for this article comes from the Tsimane\' Amazonian Panel Study (TAPS), which includes all people in 13 Tsimane\' villages (1995 people; 332 households). These people have been followed annually since 2002. Several historical and ethnographic studies of the Tsimane\' have been published recently [@pone.0011027-Huanca1], [@pone.0011027-MartinezRodriguez1] and are available at the following web site: [www.tsimane.org](http://www.tsimane.org). The subjects in the photographs were selected within this sample, but the Tsimane\' who rated the photographs were selected from outside the 13 villages of the panel study. Because both raters and subjects in the photographs were Tsimane\', we asked raters how well they knew the person in the photograph and adjusted for this possible confound when doing the statistical analysis.

Photographs and ratings {#s2b}
-----------------------

We use color face photographs of 93 Tsimane\' males in four age groups: *(a)* 16-20, *(b)* 21--25, *(c)* 26--30, and *(d)* 31--35. We restricted the data collection to male faces because there were too many Tsimane\' faces for a judge to rate both the female and the male photographs in a reasonable amount of time, without losing interest in the task. We restrict the age group to 16--35 because these are the years when males and females compete for mates.

The photographs showed only the face of the man against a white background. Men were photographed without hats, necklaces, or eyeglasses, and the photographs were standardized in size and cropped to include the top of the hair, sides and the bottom of the chin. At the bottom of each photograph we included four icons with stones: the icon at the bottom left-most of the photograph had no stones, followed by an icon to the right with one stone, another icon with two stones, and finally an icon with three stones at the bottom right-most of the photograph. The pile with no stones was labeled "not at all". The pile with one stone was labeled "not very". The pile with two stones was labeled "a little", and the pile with three stones was labeled "very". Each facial photograph was rated for the following perceived traits: healthy, dominant, knowledgeable, sociable, attractiveness, and babyfaceness. We did not use babyfaceness in the analysis because we encountered problems when explaining the concept to raters and therefore we are not sure about the reliability of the measure.

Forty female and 40 male Tsimane\' rated the photographs. Half the raters (20 males, 20 females) only evaluated 55 faces, and the other 40 raters (20 males, 20 females) evaluated the remaining 38 faces. The raters indicated their score by pointing to one of four piles of stone at the bottom of the photograph. After rating all the faces in one trait (e.g., healthy), raters were shown the same faces again and asked to rate the face along another traits (e.g., dominance), again using the four piles at the bottom of the photograph. When asking raters to judge traits, we ordered in two ways the sequence in which we asked about the traits. Among some subjects, we first asked about health, followed by dominance, sociability, and ended with knowledge. Among other subjects we first asked about knowledge, followed by sociability, dominance, and ended with questions about health. Surveyors selected at random which of the two sequences to use with a respondent.

A trained Tsimane\'-Spanish translator explained the procedure to the raters and assured them of confidentiality. Informed consent was obtained verbally, not in written form, owing to the low levels of literacy in the Tsimane\' adult population. The Institutional Review Board for research with human subjects of Brandeis University approved the study protocol and the consent procedure.

Statistical model and variables {#s2c}
-------------------------------

We used the facial photographs as the unit of analysis. For each photograph and for each trait in the photograph, the mean rating by female raters and the mean rating by male raters were obtained by calculating the average values. Thus, for example, the sociability of person "i" was estimated by taking the average rating of sociability for person "i" made by: *(a)* all 20 male raters or *(b)* all 20 female raters. For the statistical analysis, we used the following linear model:

Equation [@pone.0011027-Folstad1] refers only to one trait (e.g. health). We used a separate multiple regression for each of the four traits: health, dominance, sociability, and knowledge. The subscripts *i, c, and R* stand for the subject *(i)* whose face is shown in the photograph, the objective or self-reported trait *(c)* measured in the panel study, and *(R)* indicates that the variable refers to the rater. To illustrate, *Y~ic~* could be the average health (trait *c* =  health) of man "*i*" as judged by 20 female raters. *Trait~i~* would be a self-reported measure of recent morbidity of the man "*i*" in the photograph. *Female~R~* refers to the raters\' sex. *Age~i~* is the self-reported age in years of the person "*i*" shown in the photograph at the time when the photograph was taken (ranges from 15 to 35 years old). *Villages~i~* is a full set of dummy variables for villages, to adjust for the possible effects of village of residence of the man in the photograph. Despite the fact that both the raters and the subjects in the photographs were from different villages, they were all Tsimane\', so some raters might have known or heard of the subjects in the photographs. To adjust by this possible confounder, we asked the raters how well they knew the man in the photograph and measured it on a Likert scale. *Familiarity~iR~* refers to how well the raters knew the man "*i*" in the photograph.

Because the outcome variable is the average rating of a trait of the subject either by the 20 female raters or by the 20 male raters, we include two observations for each subject--one observation for the rating by female raters, and one observation for the rating by male raters. Since we had two observations for each subject, we ran the regressions with clustering by subject. For the interaction term, we center the variable *trait~i~* by subtracting its mean value. The Likert-scale points were changed to a scale of 100 to make the results more easily interpretable [@pone.0011027-Zaidel1]. *η* represents the effect of male raters, *β* is the differential effect between the score of female raters and male raters (female effect is *η* +*β*), and *δ* represents a shift in the constant in female raters\' scores at the mean value of *trait*. [Table 1](#pone-0011027-t001){ref-type="table"} contains definitions and summary statistics of the variables.

10.1371/journal.pone.0011027.t001

###### Definition and summary statistics of variables used in regressions and equation [@pone.0011027-Folstad1].

![](pone.0011027.t001){#pone-0011027-t001-1}

  Name                                                                                                                                                      Definition                                                                              Obs.     Mean     Stand. Dev.
  ------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------- ------ ---------- -------------
  ***Dependent variables*** [a](#nt101){ref-type="table-fn"} **,** ***Y~ic~***                                                                                                                                                                                       
  Healthy                                                                                                        Rater\'s perception of subject\'s overall health \[Likert scale: 1-4, changed to a scale of 100\]                                  182     45.16        9.64
  Dominant                                                                                                     Rater\'s perception of subject\'s dominant character \[Likert scale: 1-4, changed to a scale of 100\]                                182     31.54        8.04
  Knowledgeable                                                                                                    Rater\'s perception of subject\'s knowledge \[Likert scale: 1-4, changed to a scale of 100\]                                     182     40.99        7.78
  Sociable                                                                                                        Rater\'s perception of subject\'s sociability \[Likert scale: 1-4, changed to a scale of 100\]                                    182     36.48        8.36
  ***Explanatory variables*** [b](#nt102){ref-type="table-fn"} ***(X~i~)***                                                                                                                                                                                          
  *Trait~i~*                                                                                                                                                                                                                                                         
  Ailments (healthy)                                                                                                 \# of different ailments of the subject in the two weeks before the day of the interview                                        91      0.68        0.33
  Mid-arm circumference (dominance)                                                                                                           Subjects\' mid-arm circumference \[cm\]                                                                91     25.60        2.92
  Ethnobotanical plant knowledge (knowledgeable)                                                                           Score of how many of 19 plants read to subject, the subject reported knowing                                              91     13.23        2.80
  Human capital (knowledgeable)                                                   Educational index that includes standardized subject\'s fluency in Spanish, literacy, and competency in arithmetic (created using principal component analysis)    91      0.04        0.84
  Drinks [chicha]{.ul} (sociable)                                                                                        \# days the subject drank chicha during the week before the day of the interview                                            91      0.48        0.70
  Somber (sociable)                                                                                    How did subject feel during interview? \[Dichotomous variable, 0: smiled & laughed, guffaw; 1: somber, no laughter\]                          91      0.54        0.50
  *Controls*                                                                                                                                                                                                                                                         
  Familiarity~iR~                                                                                                   How well does the rater knows the subject \[Likert scale: 1-4, changed to a scale of 100\]                                       91     14.38        9.75
  Female~R~                                                                                                                         Rater\'s sex. \[Dichotomous variable, 0: male, 1: female\]                                                       91    50% fem.       \-
  Age~i~                                                                                                                                             Subject\'s age \[years\]                                                                        91     21.07        5.87
  Village~i~                                                                                                                         Subject\'s village \[Dichotomous variable\] (12 dummies)                                                        13       \-          \-

*^a^Average across raters by sex (ratings for 91 different Tsimane\' subjects)*.

*^b^All explanatory variables were taken as the average for each subject across the 2002--2006 panel.*

*Trait~i~* stands for a vector of traits of the person shown in the photograph. The traits were measured annually during the panel study. We used the mean value of each trait across the five years of the panel to reduce variability from random measurement error.

[Health]{.ul}: We asked subjects in the photographs to report the total number of different ailments they had during the two weeks before the interview. We limited the recall period to two weeks before the day of the interview because we found that sickness recalls beyond that period produced unreliable information [@pone.0011027-Byron1]. A shorter recall period (e.g., one day) might have produced more accuracy, but would have also produced lower variance, and using diaries is impractical due to the high prevalence of functional illiteracy among adults [@pone.0011027-Godoy1].

[Dominance]{.ul}: *Mid-arm circumference* of the subjects was measured to the nearest millimeter using plastic tape measures. Mid-arm muscle development is enhanced with greater levels of physical activity. It also reflects muscle development and fat deposition on the upper arm, and proxies for short-run nutritional status [@pone.0011027-Foster1], [@pone.0011027-Frisancho1]. Von Rueden et al. [@pone.0011027-VonRueden1] found that physical size among Tsimane\' predicted well dyadic fighting ability, which was also related to high status. We use *mid-arm circumference* as a proxy for a person\'s strength and potential aggression.

[Knowledge]{.ul}: Because Tsimane\' have varying degrees of exposure to the western society (Rubio et al. 2009), they draw on both traditional and modern forms of knowledge. As a result, we used both ethnobotanical knowledge and modern human capital to measure a person\'s knowledge. Tsimane\' rely on ethnobotanical knowledge for many of their daily activities, including making tools, eating, building houses, or treating common ailments [@pone.0011027-ReyesGarca2], [@pone.0011027-Byron1], [@pone.0011027-ReyesGarca3]. Previous studies have found a positive association between adult ethnobotanical knowledge and different measures of child health [@pone.0011027-McDade1] and adult\'s nutritional status [@pone.0011027-McDade1], [@pone.0011027-ReyesGarca2]. *Ethnobotanical plant knowledge* is a score that represents the subjects\' knowledge of 19 different local wild plants, and we use it as a predictor of knowledgeability. The participants were asked whether they knew each of the plants selected (using the Tsimane\' name). The plants included in this measure were the result of 18 months of fieldwork aimed at quantifying the cultural, economic, and practical value of wild plants among Tsimane\' [@pone.0011027-ReyesGarca3].

*Modern human capital* is an index created using principal component factor analysis. It includes standardized measures of subject\'s competence in arithmetic, fluency speaking Spanish, and Spanish literacy (*Chronbach\'s alpha = 0.77*). Competence in arithmetic and literacy were determined through oral and reading tests and proficiency in spoken Spanish was determined by the interviewer [@pone.0011027-Godoy1].

[Sociability]{.ul}: Subject\'s sociability was measured by how often he drank [chicha]{.ul} and whether he was somber during the interviews. [Chicha]{.ul} is a traditional beverage fermented from crops such as manioc, plantains, or maize. It is produced at home and distributed by women. As opposed to commercial alcohol, [chicha]{.ul} is a cornerstone of Tsimane\' social life - it is always consumed in a group social setting, and is the preferred way through which native Amazonians share experiences with each other [@pone.0011027-Godoy2], [@pone.0011027-Overing1]. *Drinks chicha* stands for the self-reported number of days the person drank [chicha]{.ul} the week before the day of the survey. The number of days a person drinks [chicha]{.ul} should represent the number of times the person had meaningful social interactions with other villagers. On the other hand, as everyday experience and previous studies suggest, social involvement is strongly associated with smiling [@pone.0011027-Kraut1], [@pone.0011027-Hess2]. During the interview, surveyors assessed whether the subject (i) was somber, (ii) smiled, (iii) smiled and laughed, or (iv) laughed openly and loudly often. Using this information, we created a dummy variable *somber*, coded as one if the subject was in categories (i) - (ii) and zero otherwise.

[Table 2](#pone-0011027-t002){ref-type="table"} contains a summary of the Pearson correlations between the ratings of different traits that were assessed by female and male raters from facial photographs of men. The traits measured are all highly significant and positively correlated. Correlation coefficients ranged from a low of 0.51 (knowledgeable-healthy, and sociable-dominant for female raters) to a high of 0.75 (dominant-healthy). The high correlation coefficients between the different traits were expected, as perceived health, dominance, sociability and knowledgeability are related and probably reflect perceived attractiveness [@pone.0011027-Zebrowitz1], [@pone.0011027-Folland1], [@pone.0011027-Kumagai1]. For example, more attractive people might be perceived as healthier, more dominant, more knowledgeable, and as being more sociable than homely people or than people of average attractiveness, and this is due to the halo effect produced by attractiveness. This is further discussed in the robustness analysis.

10.1371/journal.pone.0011027.t002

###### Correlation between the ratings of different traits that were assessed by Tsimane\' raters from facial photographs of men.
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                                    Healthy   Dominant   Knowledgeable
  -------------------------------- --------- ---------- ---------------
  *(i) Ratings by female raters*                        
  Dominant                           0.745              
  Knowledgeable                      0.505     0.520    
  Sociable                           0.540     0.509         0.660
  *(ii) Ratings by male raters*                         
  Dominant                           0.746              
  Knowledgeable                      0.524     0.528    
  Sociable                           0.711     0.564         0.669
  *(iii) Ratings by all raters*                         
  Dominant                           0.745              
  Knowledgeable                      0.515     0.525    
  Sociable                           0.610     0.531         0.658

*Note: All correlations significant at p\<0.01.*

Results {#s3}
=======

[Table 3](#pone-0011027-t003){ref-type="table"} contains the regression results of the outcome variable--rater\'s perception of the subject\'s health, dominance, knowledge, and sociability from the facial photographs--against the explanatory variables of equation [@pone.0011027-Folstad1].

10.1371/journal.pone.0011027.t003

###### Regression results for mean ratings of the following perceived traits from facial photographs: healthy [@pone.0011027-Folstad1], dominant [@pone.0011027-Getty1], knowledgeable [@pone.0011027-Honekopp1], and sociable [@pone.0011027-Jones1].
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                                                                        Explanatory variables                                       Healthy                                                    Dominant                                                Knowledgeable                                 Sociable
  -------------------------------------------------- ------------------------------------------------------------ ------------------------------------------- -------------------------------------------------------------------------- ------------------------------------------ ------------------------------------------
  Health                                                          [@pone.0011027-Folstad1] Ailments                                 −0.787                                                                                                                                          
                                                                                                                                    (3.145)                                                                                                                                         
  Dominance                                                  [@pone.0011027-Getty1] Mid-arm circumference                                                                      1.361[\*\*](#nt105){ref-type="table-fn"}                                                             
                                                                                                                                                                                               (0.353)                                                                              
  Knowledge                                                     \[3.1\] Ethnobotanical plant knowledge                                                                                                                                                    1.006\*                   
                                                                                                                                                                                                                                                          (0.415)                   
                                                                     \[3.2\] Modern human capital                                                                                                                                                          1.382                    
                                                                                                                                                                                                                                                          (1.183)                   
  Sociability                                                        \[4.1\] Drinks [chicha]{.ul}                                                                                                                                                                                                     1.079
                                                                                                                                                                                                                                                                                                     (1.791)
                                                                            \[4.2\] Somber                                                                                                                                                                                                           −3.587\*
                                                                                                                                                                                                                                                                                                     (1.796)
  Interaction term[a](#nt106){ref-type="table-fn"}                      \[5.1\] Female\*trait                      −5.611[\*\*](#nt105){ref-type="table-fn"}                                    −0.344                                                    −0.733\*                                    2.443
                                                                                                                                    (2.126)                                                    (0.297)                                                    (0.296)                                    (2.443)
                                                        \[5.2\] Female\*trait[b](#nt107){ref-type="table-fn"}                                                                                                                                              −0.899                                     1.343
                                                                                                                                                                                                                                                          (1.043)                                    (2.039)
  Controls                                                 [@pone.0011027-Zebrowitz1] Rater\'s sex (female)        3.197[\*\*](#nt105){ref-type="table-fn"}                                    1.869\*                                    2.995[\*\*](#nt105){ref-type="table-fn"}                    −0.438
                                                                                                                                    (0.802)                                                    (0.828)                                                    (0.902)                                    (1.472)
                                                                [@pone.0011027-Smith1] Subject\'s age                               −0.062                                                     −0.468\*                                                   0.385\*                                     −0.146
                                                                                                                                    (0.165)                                                    (0.195)                                                    (0.176)                                    (0.131)
                                                      [@pone.0011027-Grammer1] Rater\'s familiarity with subject   0.286[\*\*](#nt105){ref-type="table-fn"}                    0.274[\*\*](#nt105){ref-type="table-fn"}                   0.277[\*\*](#nt105){ref-type="table-fn"}   0.295[\*\*](#nt105){ref-type="table-fn"}
                                                                                                                                    (0.078)                                                    (0.058)                                                    (0.069)                                    (0.069)
                                                                             Observations                                             182                                                        182                                                        130                                        156
                                                                                 R^2^                                                0.172                                                      0.257                                                      0.370                                      0.323
  F-test: Female & interaction term                            9.61[\*\*](#nt105){ref-type="table-fn"}                               2.93                      6.13[\*\*](#nt105){ref-type="table-fn"} [c](#nt108){ref-type="table-fn"}     0.43[c](#nt108){ref-type="table-fn"}    

*Note:(1) All regressions include a full set of village dummy variables, clustering by subject, and robust standard errors in parenthesis.*

\*\**p\<0.01, \* p\<0.05.*

*^a^Trait is centered in the interaction term.*

*^b^The traits in the interaction term \[5.2\] are modern human capital in column [@pone.0011027-Honekopp1] and somber in column [@pone.0011027-Jones1].*

*^c^F-test of the two traits and the two interaction terms.*

The results shown in column [@pone.0011027-Folstad1], row \[5.1\], [Table 3](#pone-0011027-t003){ref-type="table"} suggest a significant difference between the way females and males rated the health status of the subject in the photographs. On average, each additional ailment reported by the subject in the photograph was associated with the subject being rated as having 5.61 percentage-points worse health by female raters than by male raters (*p = 0.01*). We also ran separate regressions for female and male raters (not shown). When including only female raters, an additional ailment reported by the subject in the photograph was associated with a decrease of 6.72 percentage-points in health assessment (*p = .026)*. We did not find statistical evidence of male rating corresponding to the number of ailments experienced by the man in the photograph (η = −0.47, p = 0.889).

Mid-arm circumference ([Table 3](#pone-0011027-t003){ref-type="table"}, column [@pone.0011027-Getty1], row [@pone.0011027-Getty1]) was positively associated with rater\'s perceptions of the subjects\' dominant character. On average, a one cm increase in the subject\'s mid-arm circumference was associated with the subject being perceived 1.36 percentage-points more dominant by both female and male raters (*p\<0.001*). This finding might be better understood with an example. The average man in the sample had a mid-arm circumference of 25.60 cm. If this man saw an increase of 10% in his mid-arm circumference, raters would increase their average evaluation of his dominance from his facial photograph by 3.46 percentage-points. To be sure about the result, we did separate regressions for female and male raters. Those regressions are not shown, but they suggest that the results held true for female and male raters (females: *η = 1.233, p = 0.004*; males: *η = 1.145, p = 0.005*). Row \[5.1\] suggests no significant difference in the ability of female and male raters to judge differences in men\'s dominance from their facial photograph. However, female raters rated dominance 1.87 percentage-points higher than male raters at the average mid-arm circumference in the sample *(p = 0.026)* (row [@pone.0011027-Zebrowitz1]).

We obtained ambiguous results regarding raters\' ability to assess how knowledgeable the subjects in the photograph were ([Table 3](#pone-0011027-t003){ref-type="table"}, column [@pone.0011027-Honekopp1]). We found a positive and significant association between the ethnobotanical plant knowledge of a man and the rating he received in how knowledgeable he was (row \[3.1\]). On average, a one-point increase in the test score of ethnobotanical plant knowledge was associated with an increase of 1.01 percentage-points in the male raters\' score of knowledgeability (*p = 0.018*), and 0.27 percentage-points in female raters score (row \[3.1\] + row\[5.1\]). We found no evidence that modern human capital was associated with ratings of knowledgeability (rows \[3.2\], \[5.2\]). On average, females rated an average man in the photographs as being *2.995* percentage-points more knowledgeable than male raters *(p = 0.012)* (row [@pone.0011027-Zebrowitz1]).

We found no association between the number of days men drank [chicha]{.ul} and how sociable they were judged by raters ([Table 3](#pone-0011027-t003){ref-type="table"}, column [@pone.0011027-Jones1], row \[4.1\]). However, the results suggested a negative and statistically significant association between how somber the subject was during the interviews and how sociable he was judged by raters (row \[4.2\]). We ran separate regressions for female and male raters\' judgment of how sociable the men in the photographs were. Those regressions are not shown, but they suggest that only males\' assessment of sociability corresponded to the somberness of the subject (females: *η = −2.071, p = 0.284*; males: *η = −3.747, p = 0.039*). Our results suggest that, controlling for [chicha]{.ul} drinking, a man who was somber during the interviews was on average perceived by male raters as 3.75 percentage-points less sociable than a man who had open displays of mirth during the interviews.

Although used only as a control, the results on row [@pone.0011027-Grammer1], [Table 3](#pone-0011027-t003){ref-type="table"} suggest that how well the rater knew the man in the photograph was on average significantly associated to her or his perception of the man\'s health, dominance, knowledgeability, and sociability. Recall that both raters and the men in the photographs were Tsimane\', so in some cases the rater was familiar with the man in the photograph. If so, on average, the rater tended to rate the man in the photograph as being more healthy, dominant, knowledgeable, and sociable than if the rater was not familiar with the man in the photograph. We discuss this further in the limitations section.

Robustness analysis {#s3a}
-------------------

To assess the robustness of the main regression results we use different measures for health, dominance, and sociability. We used principal component factor analysis to create two factors, *illness* as a proxy for subjects\' health and *formidability* as a proxy for physical body size and strength. The *illness* factor includes three standardized measures of self-reported illness: bed ridden days, number of days the person was sick, and total number of different ailments the person had during the 14 days before the day of the interview (*Chronbach\'s alpha = 0.74)*. The dominance factor, *formidability,* includes standardized measurements of subjects\' fat-free mass, standing physical stature (*height*), and mid-arm circumference (*Chronbach\'s alpha = 0.94)*. Fat-free mass was estimated using the subject\'s weight \[kg\] minus his total body fat \[kg\]. Subjects were weighed without shoes and hats, and their total body fat was determined using bioelectrical impedance analysis (BIA). Finally, we used a persons\' *ability to borrow* 100 [bolivianos]{.ul} (∼US\$15) in an emergency as an alternative proxy for sociability, or effectiveness of social network to cope with emergencies.

[Table 4](#pone-0011027-t004){ref-type="table"} contains the results of the robustness analysis. For brevity, in [Table 4](#pone-0011027-t004){ref-type="table"} we only report the coefficients of the new measures and the coefficients of the new interaction terms (*η* and *β* in Eq.1).

10.1371/journal.pone.0011027.t004

###### Robustness analysis of the results using other measures of traits.

![](pone.0011027.t004){#pone-0011027-t004-4}

  Dependent variable                                  Alternative trait                  [@pone.0011027-Folstad1] Trait   [@pone.0011027-Getty1] Trait\*female   [@pone.0011027-Honekopp1] *F-test* [a](#nt110){ref-type="table-fn"}
  ------------------------------------ ------------------------------------------------ -------------------------------- -------------------------------------- ---------------------------------------------------------------------
  [@pone.0011027-Folstad1] Healthy         Illness[i](#nt112){ref-type="table-fn"}                   −0.439                             −1.985\*                                                8.67
                                                                                                    (1.256)                             (0.792)                                                (0.001)
  [@pone.0011027-Getty1] Dominant       Formidability[ii](#nt113){ref-type="table-fn"}              3.480\*                              −0.728                                                 2.94
                                                                                                    (1.438)                             (1.098)                                                (0.058)
  [@pone.0011027-Honekopp1] Sociable                  Ability to borrow                              2.255                               0.021                                  0.14[b](#nt111){ref-type="table-fn"}
                                                                                                    (1.680)                             (2.121)                                                (0.934)
                                                            Somber                                  −3.803\*                             1.194                  
                                                                                                    (1.774)                             (2.055)                 

*Note: same as [Table 3](#pone-0011027-t003){ref-type="table"}.*

*^a^F-test: female & interaction term (p value in parentheses).*

*^b^F-test of the two traits and the two interaction terms.*

*^i^Bed-ridden days, days ill, number of ailments. Chronbach\'s alpha = 0.742; Eigenvalues: factor 1 = 1.994 (66% of total variance), factor 2 = 0.718.*

*^ii^Mid-arm circumference, height, fat-free mass. Chronbach\'s alpha = 0.944; Eigenvalues: factor 1  = 2.675 (89% of total variance), factor 2 = 0.269.*

The results of the additional analysis support the main results. For example, health measured using an illness factor ([Table 4](#pone-0011027-t004){ref-type="table"}, column [@pone.0011027-Folstad1], row [@pone.0011027-Folstad1]) continued to bear a negative association with rater\'s health assessment, and again, was not statistically significant (*p = 0.728*). We also found a significant difference between the ability of female and male raters to assess the health status of the subject in the photographs (p = 0.014) (row [@pone.0011027-Folstad1], column [@pone.0011027-Getty1]). We ran separate regressions for female and male raters. [Results](#s3){ref-type="sec"} suggest that a one standard deviation increase in *illness* was associated with a decrease of 2.42 percentage-points in health assessment by female raters (p = 0.060), but we did not find a significant result for male raters (η = −0.395, p = 0.766).

Dominance measured using *formidability* also continued to bear a positive association with rater\'s assessment of a man\'s dominance. A one standard deviation increase in formidability was associated with a 3.48 percentage-points increase in rating of how dominant the man in the photograph was (p = 0.018). We found no difference between female and male raters in their ability to assess a man\'s dominance from a photograph of his face ([Table 4](#pone-0011027-t004){ref-type="table"}, columns [@pone.0011027-Folstad1], [@pone.0011027-Getty1], row [@pone.0011027-Getty1]). The results for sociability also held up. How somber the man in the photograph was during the interviews bore a negative and statistically significant relation with how sociable he was judged by raters (p = 0.035). We found no evidence that the man\'s ability to borrow was associated with ratings of sociability ([Table 4](#pone-0011027-t004){ref-type="table"}, column [@pone.0011027-Folstad1], [@pone.0011027-Getty1], row [@pone.0011027-Honekopp1]). We ran separate regressions for female and male raters (not shown), and found that only male raters\' judgment of how sociable the man in photographs corresponded to his somberness. On average, a man who was somber during the interviews was perceived as 3.80 percentage points less sociable than a man who laughed and guffawed (p = 0.028).

Recall from the earlier discussion that perceptions of traits could be influenced by a halo effect of perceived attractiveness of the person evaluated. We tested if attractiveness was mediating the effect of perceived traits. For each of the traits studied, we performed a Sobel test with bias-corrected bootstrap confidence intervals (200 replications) including the same covariates as in Eq.1 to test if there was a halo effect of attractiveness. The only significant mediation effect we found was for *drinks [chicha]{.ul}* (η = 2.12, bootstrap standard error  = 0.867). The results suggest that the halo effect of attractiveness was not significant in the raters\' perception of the traits studied. This lack of significance might be because attractiveness effect is less important when using male subjects [@pone.0011027-Kaplan1], [@pone.0011027-Lucker1], but we do not have data to test this hypothesis.

Discussion {#s4}
==========

Our findings suggest that the ability to accurately assess traits associated with sexual selection holds across cultures. We found support for our hypothesis that female raters are more accurate than male raters in judging other men\'s health status by looking at his face (H~1~). We also found evidence suggesting that female and male raters were able to accurately assess a man\'s dominance (H~2~). We expected that female raters would be more accurate than male raters in assessing knowledgeability from a man\'s photograph (H~3~), and we found that both were accurate. Finally, we found partial support to our hypothesis that female and male raters could assess how sociable a man was by looking at his facial photograph (H~4~). Our analysis suggests that only male raters were accurate.

Female raters in the sample were able to accurately predict health status in other males, but we found no evidence of this ability in male raters. As suggested by sexual selection theory, female\'s cognitive specialization in identifying healthy mates relates to successful mating and increases the likelihood of offspring survival. Another explanation might be that the difference results from gender roles in low-income, rural societies, where women act as health-care managers [@pone.0011027-Arnold1], [@pone.0011027-Berman1]. For example, using ethnographic data and household surveys (n = 153) from peri-urban communities in the western Amazon, Wayland [@pone.0011027-Wayland1] found that women\'s role as health-care managers enhanced their skills at judging health. Similarly, McDade et al. [@pone.0011027-McDade1] found that child health among the Tsimane\' was strongly associated to maternal ethnobotanical knowledge, but had a weaker association with paternal ethnobotanical knowledge.

A man\'s mid-arm circumference had a significant positive association with a rater\'s perception of the man\'s dominance. This finding is consistent with evolutionary theory because both female and male raters identified cues indicating physical size or upper-body strength. Male\'s ability to assess dominance might be a result of intra-sexual competition [@pone.0011027-Sundie1], [@pone.0011027-VonRueden1]. Females\' ability to assess dominance might indicate the need to determine the risk of potential aggression [@pone.0011027-Jones1], [@pone.0011027-Buss1], desirable physical size, muscularity [@pone.0011027-Sell1], or hunting ability [@pone.0011027-Gurven2]. We found no evidence that female and male raters differ in their ability to assess a man\'s dominance from his facial cues. This findings are particularly interesting, as a naïve prediction based upon cultural/linguistic evidence among the Tsimane\', who are a relatively egalitarian society [@pone.0011027-Godoy3], might lead one to believe that dominance is not an important construct. However, our findings suggest that despite cultural mechanisms to enforce and reflect social norms of egalitarianism, a man with bigger mid-arm circumference and greater *formidability* was systematically rated as more dominant by female and male raters. Sell et al. [@pone.0011027-Sell1] found similar results on the ability of college students from the United States to assess upper body strength of men of different cultures just by looking at their facial photographs. The results we obtained using raters from a low-income non-western rural society suggest that the ability to assess dominance (i.e. potential use of force and aggression) of men from their faces is an evolutionary adaptation.

The ethnobotanical plant knowledge of the men in the photographs was positively associated with both female and male raters\' perception of how knowledgeable the men were. Plant knowledge is a valuable domain among Tsimane\', as it is related to enhanced own and child well-being. We found no association between a man\'s modern human capital and the raters\' perception of how knowledgeable he was. This stark difference between the ability of raters to assess traditional Tsimane\' knowledge and modern human capital might be explained by the differences in social esteem derived from traditional knowledge and modern human capital among the Tsimane\'. The Tsimane\' villages are located along the Maniqui river, and vary in distance from the town of San Borja (population ∼19,000) with distances ranging from less than an hour walking, up to several weeks. There are varying degrees of acculturation among the Tsimane\' [@pone.0011027-Rubio1], and the acquisition of modern human capital is probably more related to the village where the individual lives than to his intellectual ability. Conversely, more traditional skills such as horticultural and plant knowledge are commonly used to treat ailments and manage fires, activities which are valued among Tsimane\' [@pone.0011027-Huanca1]. Traditional knowledge is more likely to confer esteem and respect [@pone.0011027-VonRueden1]. Other types of traditional knowledge, such as knowledge of hunting [@pone.0011027-Gurven2], tool manufacture, or shamanic competence [@pone.0011027-VonRueden1] might also be valued in a foraging and hunting society. On average, female raters tended to rate knowledge higher than male raters. However, a one-point increase in the man\'s test score of ethnobotanical plant knowledge was associated with a greater increase in male raters\' perception of how knowledgeable the man in the photograph was than in female raters\' perception. The higher average rating of female raters and their smaller response to changes in a man\'s actual knowledge might be a result of gender roles; however, we lack data to explore the topic because we only have photographs of male Tsimane\'. Thus, we have no convincing explanation for the finding.

Finally, only male raters in our sample were able to accurately assess sociability from the facial cues of the men in the photographs. We expected both female and male raters to be able to accurately assess sociability from the photographs because cooperation and alliances have mattered for survival [@pone.0011027-Sundie1], [@pone.0011027-Taylor2] and because assessing another person\'s sociability might enhance life chances. However, we found no evidence that female raters were able to accurately judge the sociability of the man in the photograph. This finding suggests that sociability might be a characteristic more relevant to male raters. A plausible explanation for why men have greater ability to assess sociability has to do with intra-sexual male competition. Males might need this ability because they have to evaluate (i) aggression against a sexual rival or (ii) the potential aggression of allies. The assessment of potential aggression due to intra-sexual competition in males is further supported by our findings suggesting that male raters were also able to accurately assess dominance and knowledge from the photographs of other men\'s faces, and that all males in the survey are within active mating years.

Limitations {#s4a}
-----------

The Tsimane\' are a highly endogamous society practicing preferential cross-cousin marriage. Consequently, most Tsimane\' are linked by kinship bonds of blood and marriage. In such an inward-looking, closely-knit, small-scale society it is possible that people learn the facial cues and traits of some families or 'lineages'. Since facial features are substantially heritable [@pone.0011027-Lundstrom1], [@pone.0011027-Carels1], and the other traits of interest likely also tend to cluster along familial lines for both genetic and cultural reasons, facial characteristics might be accurate markers for other traits. When asking a Tsimane\' to rate a person who resembles someone from group X, the rater may have drawn on a common pool of cultural knowledge to judge X. The same experiment carried out in a larger more exogamous society might produce different results owing to less distinct and well known familial facial characteristics.

The results might also be affected by the use of photographs instead of direct facial assessment. The use of photographs may be producing smaller effects because facial assessment requires coding at multiple levels [@pone.0011027-Bruce1]. Some facial traits might be partially obscured in photographs. For example, cognitive specializations to assess the traits studied might rely not only on the shape and the relative position of a person\'s facial features, but also on facial expressions, or on the look in the eyes, and perhaps even on smell. The use of photographs and printed material is rare in a largely pre-literate society such as the Tsimane\', a shortcoming of the study that probably makes our findings conservative since people in real life will make decisions based on much better cues.

Conclusions {#s4b}
-----------

The findings in this study provide support for the hypothesis that the propensity to accurately judge people\'s traits based on facial features is an evolutionary specialization that probably reflects past selective pressures on mating choices and competition. Both male and female native Amazonian raters were able to evaluate a man\'s social status, as defined by dominance and knowledge, just by looking at a photograph of his face, using much poorer information than available in reality. Additionally, men raters were able to accurately assess sociability, and female raters were able to assess health status from facial photographs of men in the prime of their mating years.

Male native Amazonian raters were able to assess another man\'s knowledge, dominance, and sociability by looking at a photograph of his face, but they were not able to rate the health status of the man in the photograph. This finding hints at the idea that male raters are assessing the potential use of aggression of other males due to intra-sexual competition, which is likely to result from their physical size, relative ability, prestige, and potential allies. Female native Amazonian raters were able to assess a man\'s health, knowledge, and dominance from a photograph of his face, but could not judge sociability. This finding suggests that females may enhance fitness by assessing pathogen resistance, ability, physical strength and formidability in a mate, as predicted by sexual selection theory. Females tended to rate the men in the photographs as having more knowledge than male raters, and this might be caused by differences in social status within Tsimane\' society, but, we do not have enough information to test this interpretation. Overall, our findings provide evidence that our cognitive abilities seem to be ancestrally determined, as suggested by evolutionary theory.
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